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(57) Abstract: A method and a plant for manufacturing a belt structure 
of a green tire are described, wherein the belt strips (1 13a, 1 13b) which 
constitute the belt structure are produced in a substantially continuous 

manner immediately upstream of at least one assembly drum (13, 14). 
Such method and plant are integrated respectively in a method and in a 
plant for manufacturing a belt package and a crown structure incorpo- 
rating the belt structure thus obtained. The method for producing the 
belt package provides for the subsequent formation on said belt struc- 
ture of a rubber mixture layer incorporating a plurality of reinforcing 
cords (104), while the method for producing the crown structure pro- 
vides for the subsequent assembly of a tread (105) on the belt package 
thus formed. The rubber mixture layer incorporating the reinforcing 
cords (104) and the tread (105) are both produced in a substantially con- 
tinuous manner immediately upstream of at least one assembly drum 
(18). Advantageously, this ensures a high and constant quality level of 
the belt structure and of the belt package, achieving at the same time a 
reduction in production costs and an increase in the production capacity 
of the plant. 
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Applicant: Pirelli Pneumatici S.p.A. 

Title: Method and plant for manufacturing a belt structure, a belt package and a crown 
structure of a green tire 

DESCRIPTION 

5 Field of the invention 

In a first aspect thereof, thp present invention relates to a method for manufacturing a 
belt structure of a green tire for vehicles. 

This invention also refers to a plant for manufacturing the belt structure, a method and a 
plant for manufacturing a belt package of a green tire incorporating the above- 
10 mentioned belt structure, as well as a method and a plant for manufacturing a crown 
structure of a green tire including the above-mentioned belt package. 

gtate of the art 

As is known, a green tire is essentially constituted by a composite structure obtained by 
assembling together a plurality of semi-finished products adapted to constitute a carcass 
15 comprising at least one aiiproof hner, a reinforcing ply, two bead wires to which the ply 
edges are associated after iuterposition of an elastomeric filling fixed to the radially 
outer siuface of each bead wire, a belt structure arranged as a crown around the torically 
shaped carcass, a tread wrapped around the belt and a pair of axially opposite sidewalls, 
radially extending between the bead wires and the tread. 

2 0 A further layer incorporating a plurality of circumferentially oriented remforciug cords, 
otherwise known as zero degree cords, may be inserted between the belt stmcture and 
the tread. 

In the following description and in the subsequent claims, the term "belt structure" is 
used to indicate a composite structure iacluding at least a couple of radially superposed 
25 belt strips, provided with reinforcing cords parallel to one another in each strip and 
inclined with respect to the cords of the adjacent strip generally in a symmetrical 
manner with reference to the equatorial plane of the belt structure. . 

In the following description and in the subsequent claims, the term **belt package" is 
used to indicate the assembly constituted by a belt structure and an additional radially 
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outer layer incorporating circumferentially oriented reinforcing cords. 

Finally, in the following description and in the subsequent claims, the term "crown 
structure" is used to indicate a composite structure constituted by a belt package and a 
tread in its turn arranged as a crown around the additional layer of reinforcing strips of 
5 the belt package. 

In the field of tire manufacturing, one of the requirements to be satisfied is notoriously 
that of imparting to the finished product high quality and long lasting characteristics, 
achieving at the same time a high production capacity of the manufacturing plaat as a 
whole. In this coimection, a critical factor which sharply influences the quality of the 
10 jBbiished tire is constituted by the quality of the semi-finished products which form the 
tire structure once they have been assembled together. 

The quality of the semi-finished products is in turn linked to the production methods 
and to the environmental conditions in which the semi-finished products are produced 
and optionally stored. 

15 According to the state of the art, in the manufacturing of the belt package of the green . 
tire, both the belt strips and the rubber mixture ribbon (or tape) incorporating the zero 
degree cords forming the above-mentioned additional reinforcing layer, are wound 
aroimd spools to form overlapping layers and are subsequently stored until they have to 
be used in the production line and assembled on an assembly drum. 

20 A first problem connected to this type of handling of the semi-finished products is 
essentially linked to possible variations of the adhesion, of the chemical-physical 
characteristics and of the dimensional characteristics of the semi-finished products, 
which take place both during the storing period and during the various handling steps 
which such semi-finished products undergo before being used in the production line. 

25 During the storing period in which they are kept in spools, ia fact, a change of the 
humidity and temperature conditions of the storing environment from those considered 
to be optimal may lead to an imwanted variation of the rabber stickiness, generally a 
reduction of the same, which makes in some cases numerous layers of the semi-finished 
product unusable with an ensuing waste of material. 

3 0 A second problem coimected to the methods of handling and storimg the above- 
mentioned semi-finished products consists in the possible appearance of undesired 
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deforaiations and stresses due to the weight of material, which generally determines a 
compression of the radially innermost layers of material in the spool, which 
compression influences in turn the quality of the final product in a negative manner. In 
the worst cases, such compression of the layers may cause the rejection of the material 
5 which may no longer be used. 

Another problem related to the above-mentioned handling methods of the semi-finished 
products, in particular of the belt structure, of the layer incorporating the zero degree 
cords and of the tread, consists in the need to carry out a series of cumbersome 
operations of loading and unloading of the spools in the assembling machine, which 
10 reqxnre both a continuous need for labor intervention and continuous stops, all this to the 
detriment of the quality of the final product aud of the productivity of the plant used for 
manufacturing the green tire. 

Summary of the invention 

The technical problem imderljdng the present invention is therefore that of providing a 
15 method and a plaat for manufacturing a belt structure, a belt package and a crown 
structure of a green tire which enable the achievement both of the desired high and 
constant quality of the belt structure, of the belt package, of the crown structure and of. 
the semi-finished products that constitute the same, and of a productivity increase of the 
global plant. ^ 

2 0 According to a first aspect of the invention, the above-mentioned technical problem is 
solved by a method for manufacturing a belt stracture of a green tire for vehicles, 
comprising the steps of: 

a) preparing, in a substantially continuous manner, a plurality of half-strips having 
a predetermined length, aligned along respective conveying directions and incorporating 

2 5 reinforcing cords substantially parallel to one another in each half-strip; 

b) butt splicing, ia a substantially continuous mamier, said aligned half-strips, so as 
to obtain respective belt strips extending along said conveying directions; 

c) supplying, in a substantially continuous manner, said belt strips to at least one 
assembly drum; 



3 0 d) superposing on said at least one assembly drum portions having .a predetermined 
length of each of said belt strips, so as to obtain a belt structure comprising radially 
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superposed strips in which said reinforcing cords are parallel to one another in each strip 
and inclined in opposite direction with respect to the cords of the adjacent strip. 

In the following description and in the subsequent claims, the term "length of the half- 
strips" is used to indicate the dimension of the half-strips measured in a direction 
5 parallel to the conveying directions of the half-strips. 

In the following description and in the subsequent claims, the term "width of the half- 
strips" is used to indicate the dimension of the half-strips measured in a direction 
perpendicular to the conveying directions of the half-strips. 

In the following description and in the subsequent claims, the expression "in a 
10 substantially continuous manner" is used to indicate the absence of intermediate 
storages of the senai-finished products between the various manufacturing steps which 
may change the chemical-physical and/or structural characteristics thereof in an 
undesired maimer. 

As an example, the expression "to prepare in a substantially continuous manner a 
15 plurality of half-strips" is used to indicate that the half-strips are produced and 
, subsequently processed, i.e. butt spliced, without the introduction of an intermediate 
storage between their production and their subsequent butt splicing. 

Advantageously, thanks to the realization of the belt strips in a substantially continuous 
manner and immediately upstream of an assembly drum, the method of the present 

2 0 * invention enables not only to improve the product quality and the process productivity, 

but also to reduce the storage space and costs, as well as the material handliag and labor 
costs with respect to the methods of the prior art. 

Preferably, the method of the invention comprises the step of preparing, in a 
substantially continuous manner, a plurality of half-strips by means of the steps recited 
25 in attached claim 2. 

In this way, it is advantageously possible to prepare, in a substantially continuous 
manner and without any labor intervention, the half-strips intended to be spliced to each 
other to continuously form the belt strips. 

According to a preferred embodiment of the invention, the half-strips are butt spliced on 

3 0 respective conveying means, arranged along the conveying directions of the half-strips, 

which conveying means may be constituted by conveyor belts, rolls, mobile tables or 
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any other means known in the art and suitable for the purpose. 

According to the method of the invention, the desired belt structure, comprising the 
radially superposed strips incorporating reinforcing cords parallel to one another in each 
strip and inclined in opposite direction with respect to the cords of the adjacent strip 
5 with reference to the center-line plane of the belt structure, can be obtained in two 
different ways. 

In a first embodiment, the method of the invention provides for the formation, upstream 
of the assembly drum, of two belt strips substantially parallel to one another and already 
having the desired opposite inclination of the reinforcing cords with respect to the 
10 conveying direction of the half-strips structurally independent from one another and to 
the conveying direction of the belt strips obtained by splicing the half-strips. 

According to such embodiment, the. method , of the invention comprises the step of 
turning each of the half-strips upside down, which half-strips, once butt spliced, form 
one of the belt strips. 

15 The superposing step of the belt strips on the assembly drum is therefore carried out by 
tangentially feeding the strips either both at the top or both at the bottom of the 
assembly drum, which is rotated in the same direction during the winding of each strip. 

In a second embodiment, the method of the invention provides for the formation, 
upstream of the assembly drum, of two belt strips substantially parallel to one another in 
2 0 which the reinforcing cords have the same inclination with respect to the conveying 
direction of the half-strips structurally independent from one another and to the 
conveying direction of the belt strips obtained by splicing the half-strips. 

In this case, the superposing step of the belt strips on the assembly drum is carried out 
by tangentially feeding each strip, respectively one at the top and one at the bottom of 

2 5 the assembly drum, which is rotated in opposite directions during the winding of each 

strip. 

Preferably, the belt strips are fed to the assembly drum by means of the above- 
mentioned conve3dng means. 

In a preferred embodiment of the invention, the step of superposing the portions of each 

3 0 belt strip on the assembly drum is carried out by using a couple of assembly drums 

according to what is indicated in the attached claim 6. 
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In this way, it is advantageously possible to increase the production rate of the plant for 
carrying out the method of the invention by reducing the time of each assembling cycle 
of the belt structure. It should be observed that the belt strips which constitute the belt 
structure, once they have been superposed on one another on the assembly drum, have a 
5 different circiraiferential development. It follows that one of the belt strips, and 
precisely the radially outer one, is used more than the other one. In order to take account 
of such different use of the two strips, it is convenient and preferable to discard, as a 
function of the material in excess detected by suitable sensors, one of the half-strips 
intended to constitute the radially inner belt strip. In any case, the amount of discarded 
10 material generated by said steps of the method of the invention (steps carried out in a 
substantially continuous manner and inamediately upstream of the assembly dram) is 
however lower than the amount of discarded material normally generated by tihe 
production methods of the prior art and due to the aforementioned compression and 
mutual adhesion phenomena of the belt layers wound on the storing spool. 

15 For the implementation of the above-mentioned method, the present invention provides 
a plant for manufacturing a belt structure of a green tire for vehicles including the 
features defined in the attached claim 8. 

According to^ preferred embodiment, the plant of the present invention provides a butt 
splicing device of the structurally independent half-strips, which operates substantially 

2 0 by applying pressure perpendicularly to the surface of the half-strips to be spliced. 

Advantageously, such a device reduces almost to zero the damaging strains exercised in 
longitudinal direction on the half-strips, which may cause undesired deformations of the 
latter. 

In this embodiment, it is preferable to extrude the initial sheet of rabber-coated fabric 
25 incorporating the reinforcing cords in such a way as to provide the same with a lateral 
lip constituted by elastomeric material. In the subsequent operative steps of forming the 
half-strips starting from the initial sheet of rubber-coated fabric, said lip is positioned at 
one of the splicing edges of the half-strips and defines a seat for receiving with 
substantial mating engagement the end of the adjacent half-strip. 

3 0 In this embodiment, the splicing device comprises a plate of suitable weight and size, 

moyably supported above the conveying means of the half-strips, which plate promotes 
- by pressing each half-strip - the adhesion between one end of the half-strip and the 
rmderlying lip of the adjacent half-strip previously incorporated in the belt strip being 
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formed. 

Alternatively, the spUcing device may comprise a plurality of coimter-rotating upper and 
lower rolls supported above and, respectively, below the conveying means of the half- 
strips, said rolls traveling along a direction parallel to the edges of the half-strips to be 
5 spliced. 

Alternatively, the splicing device may be of the comb-type, i.e. including a plurality of 
jaws adapted to grasp the edges of the adjacent half-strips to carry out the butt splicing 
thereof along a direction parallel to the longitudinal direction of the half-strips. 

The plant of the invention enables the preparation of a belt structure of a green tire in a 
1 0 totally automated maimer, limiting as much as possible the labor involved and without 
any need to store the semi-finished products, which are advantageously produced 
immediately before being assembled together to form the belt stmcture. 

With the plant of the invention, the risks of quality variations of the belt structure 
related to possible variations of the chemical-physical characteristics of the semi- 
15 finished products and/or related to a variation of temperature and/or htmiidity of the 
warehouse or to a long permanence of the semi-finished products on the spools are also 
advantageously reduced to a roinimum or substantially eliminated. 

In a preferred embodiment, the plant of the invention is provided with an extrusion 
apparatus comprising an extrusion head adapted to supply in a substantially continuous 
2 0 manner a substantially continuous sheet of mbber-coated fabric incorporating a plurality 
of reinforcing cords on said conveying means, said plurality of reinforcing cords being 
supplied by a creel located upstream of said extrusion head. 

Downstream of this extrusion apparatus, the plant according to the invention comprises 
a first cutting device operating on said sheet of mbber-coated fabric and adapted to 

2 5 obtain a pluraUty of strips from this sheet. 

Preferably, the plant of the iavention also comprises a half-strips preparation device 
including a transfer device of the strips obtained as described above, which transfer 
device is adapted to move the strips away firom the conveying direction of the sheet of 
rubber-coated fabric, a second cutting device operating on said strips and adapted to 

3 0 form a plurality of half-strips, and a positioning device of the half-strips, said devices 

having the features defined in the attached claim 10. 
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Advantageously, thanks to said features, the plant lay-out turns out to be independent 
from the cutting angle of the strips, so that a reduction in the area occupied by the plant 
is achieved with respect to the plants of traditional type; furthermore, the production of 
' the strips turns out to be independent also from the cutting and positioning operations of 
5 the half-strips, maximizing in this way the plant productivity. 

An additional advantage achieved by the invention consists in the increase of the 
production flexibility, with particular reference to the reduction in the time required to 
shift to a prodtiction of tires of different size, the operations reqxoired benig limited - if it 
is not required to change the type of cord - only to the variation of the cutting angle of 
1 0 the sheet of rubber-coated fabric and/or to the cutting of a strip of a different length. 

Furthermore, with respect to the prior art systems based on the use of belt strips 
prearranged and packed on spools, it is not necessary to store and handle the spools as 
well as the various supporting fabrics used, such as the sheets of release material (for 
example polyester or polyethylene) coupled to the belt strip before canyiag out its 
1 5 Avinding on the spool. 

In a preferred embodiment, the transfer device comprises at least one strip-supporting 
arm angularly movable between a first strip-receiving position located downstream of 
said first cutting device of the sheet of rubber-coated fabric and a strip picking-up 
position. 

2 0 According to a preferred aspect, the supporting arm is provided with a strip-supporting 

oscillating table hinged to said arm and movable to and firom said first cutting device. 

In an alternative embodiment, the transfer device comprises strip-conveying means, for 
example a conveyor belt or any other kind of means having the same function, having a 
conveying axis which is substantially parallel to the cutting direction of the sheet of 
25 rubber-coated fabric and movable between the above-mentioned first strip-receiving 
position located downstream of the first cutting device and said strip picking-up 
position; 

In a preferred embodiment, the half-strips preparation device of the invention comprises 
a positioning device of the half-strips adapted to pick up each of the strips firom said 

3 0 strip picking-up position, to place the same in the aforesaid strip cutting position and to 

subsequently move the half-strips so obtained away from each other. 
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Conveniently, the positioning device of the half-strips is provided with catching means 
of the strip rotatably mounted about an axis perpendicular to the strip in such a way as 
to rotate each strip, if necessary, of a third predetermined angle with respect to the 
conveying direction of the sheet of rubber-coated fabric. 

5 Preferably, the catching means of the strip are mounted on a supporting frame movably 
guided to and from the strip to be positioned. 

Even more preferably, the positioning device of the half-strips is provided with two 
coplanar plates, each provided with strip catching means, which plates are driven away 
and towards each other, 

1 0 Advantageously, such coplanar plates operate along a direction parallel to the upper face 
of tibie strip, therefore avoiding the creation of xmdesired stresses in the material making 
up the strip such as the stresses produced when the strip is handled by grasping the same 
by its edges with subsequent undesired strains, especially in longitudinal direction. 

In an alternative embodiment, the half-strips preparation device is substantially 
15 constituted by the second cutting device and by the positioning device of the half-strips, 
which picks up each strip from the above-mentioned strip-receiving position and places 
the same directly in the second strip cutting position to form said half-strips. 

In an embodiment of the plant and consistently with the method according to which the 
belt strips possess the required opposite inclination of tiie reinforcing strips already 
20 upstream of the assembly drum, the half-strips preparation device ftirther comprises an 
upturning device of one of the half-strips, which is placed downstream of the second 
cutting device and upstream of the conveying means of one of the half-strips. 

Preferably, the upturning device includes a plate provided with catching means of the 
half-strip, said plate being rotatably moimted on a respective supporting frame which is 
25 guided to and from the conveying means of the half-strip which is thus turned upside 
down. 

According to a ftirther aspect of the invention, the above-mentioned technical problem 
is solved by a method for manufacturing a belt package of a green tire for vehicles as 
defined in the attached claim 19. 

30 In an embodiment, the width of the layer incorporating the zero degree reinforcing cords 
may substantially be equal to the width of the belt stmcture, whereas its length is 
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substantially equal to the circximferential development of the assembly , drum. 

Conveniently, means capable of applying a suitable pressure on the tread are used 
during the appUcation of the tread on the belt package, in order to increase the adhesion 
of the tread to the belt package underneath and to strengthen the assembly thereof. 

5 In a. preferred embodiment, the layer incorporating the zero degree reinforcing cords 
may be fomied by spirally winding around the belt structure at least one relatively 
narrow ribbon of rubber mixture, subsequently referred to as: tape, incorporating one or 
more reinforcing cords. Conveniently, this tape is wound in such a way as to obtain 
axially aligned spirals circumferentially extending around the belt structure substantially 
1 0 along its entire width. 

For the implementation of the above-mentioned method for manufacturing a belt 
package of a green tire for vehicles, the invention provides a plant including the- features 
defined in the attached claim 22. 

Preferably, the plant for manufacturing the belt package is provided with an extrusion 
15 apparatus, including an extrusion head, adapted to form in a substantially continuous 
manner the ribbon (or tape) of rubber mixture incorporating the zero degree reinforcing 
cords. 

According to a fiirther aspect of the invention, the above-mentioned technical problem 
is solved by a method for manufacturing a crown structure of a green tire for vehicles, as 
2 0 defined in the attached claim 24. 

In a preferred embodiment, the tread is formed in a substantially continuous manner by 
extrusion. 

For the implOTientation of the above-mentioned method for manufacturing the crown 
structure of a green tire for vehicles, the invention also provides a plant including the 

2 5 features defined in the attached claim 26, 

According to the invention, said plant comprises an extrusion apparatus for supplying a 
continuous tread sheet of rubber mixture from which the treads required for completion 
of the crown stracture are produced, as well as conveying means for transferring said 
continuous tread sheet of mbber mixture towards an assembly drum, on which the 

3 0 previously formed belt package is supported. 
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Preferably, the above-mentioned conveying means of the continuous tread sheet of 
rubber mixture are provided with cooling means, for example with a set of serpentine 
tubes in which cold water circulates. 

Brief degcriptio n of the drawings 

5 Additional features and advantages of the invention will become more readily apparent 
from the description of some embodiments of a method for manufacturing a belt 
structure, a belt package and a crown structure of a green tire according to the invention, 
made with reference to the attached drawing figures in which, for illustrative and non 
limiting purposes, a plant for carrying out said method is shown. 

10 in the drawings: 

figure 1 schematically shows a plant for manufacturing a crown structure 
according to the present invention; 

figure 2 is a schematic top view, in an enlarged scale, of a half-strips preparation 
device intended for forming a first and a second belt strip; 

15 - figure 3 schematically shows, in an enlarged scale, some details of the half-strips 
preparation device of figure 2; 

figures 4, 5 and 6 are schematic views of respective operative conditions of 
catching means of a continuous sheet of rubber-coated fabric provided for upstream and 
cooperating with the half-strips preparation device of figure 2; 

2 0 " figure 7A is an elevational view of a strip transfer device, a second cutting 
device and a positioning device of the half-strips which are part of the half-strips 
preparation device of figure 2; 

figure 7B is an elevational view of the positioning device of the half-strips of 
figure 7A and a collection container of the half-strips in excess; 

25 - figure 8 is an elevational view of the positioning device of the half-strips of 
figure 7 A and of a half-strip upturning device cooperating with the same; 

figures 9, 10 and 11 are as many elevational views of the half-strip upturning 
device of figure 8 in respective operative conditions thereof; 
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figure 12 is a schematic perspective view of the conveying and cutting means of 
the belt strips and a pair of assembly drums; 

figure 13 is an elevational view of a device for supporting and angularly 
positioning the assembly drums of figure 12; 

5 - figure 14 is a schematic top view, in an enlarged scale, of an alternative 
embodiment of the half-strips preparation device intended for forming the belt strips; 

figures 15 and 16 are schematic views of as many operative conditions of 
catching means of a continuous sheet of mbber-coated fabric provided for upstream and 
cooperating with the half-strips preparation device of figure 14; 

10 - figure 17 is a schematic top view of the catchiag means illustrated in figures 15 
and. 16; 

figure 18 is an enlarged scale partial schematic view of the belt strip, illustrating 
the butt splicing between adjacent half-strips at a lip extending fi-om one of the latter; 

figure 19 is a schematic elevational view of a preferred embodiment of a splicing 
15 device of the half-strips and a conveyor belt for conveying the belt strip obtained by the 
above-mentioned half-strips; 

figure 20 is a schematic perspective view of an alternative embodiment of the 
conveying and cutting means of flie belt strips and of a pair of assembly drums; 

figure 21 is an elevational view of a device for supporting and angularly 
2 0 positioning the assembly drums of figure 20. 

Detailed description of the preferred embodiments 

With reference to the schematic lay-out of figure 1, a plant according to the invention 
for manufacturing, in a substantially continuous manner, a crown structure of a green 
tire for vehicles is generally indicated at 1 , The plant 1 comprises a plant 2 for 
25 manufacturing, in a substantially continuous manner, a belt structure, a production line 3 
for manufacturing, in a substantially continuous manner, a ribbon 103 of limited width 
(tape) of rubber mixture comprising a plurality of reinforcing cords 104 and a 
production line 4 for manufacturing, in a substantially continuous manner, a tread 105. 

In the illustrated example, the plant 2 comprises an extrusion apparatus 5, aimed at 



wo 02/000421 



PCT/EPOl/07313 



-13- 

fomiing, in substantially continuous manner, a sheet 109 of rubber-coated fabric 
incorporating a plurality of reinforcing cords 106 substantially parallel to one another. 
The extrusion apparatus 5 is fed by a creel 6 which supplies the cords 106, made of a 
suitable reinforcing naaterial, for example metal cords, to an extrusion head 7 positioned 
5 downstream of the creel 6 and to a comb-type device 6bis which sets the coplanarity and 
the parallelism of the cords 106; additionally, the extrusion head 7 is fed by a rubber 
mixture of suitable composition by means of an extrusion screw 47, conventional per se. 

Immediately downstream of the extrusion head 7, conveying means 8 of the sheet 109 
of rubber-coated fabric are provided, for example constituted by a conveyor belt, which 
10 means convey the sheet 109 of rubber-coated fabric along a predetermined conveying 
direction X-X (see figure 2) towards a half-strips preparation device, generally indicated 
at 9, which will be described in greater detail in the following with reference to figures 
2-6. 

A first cutting device 32, schematically shown in figures 1, 2 and 5, is provided 
15 upstream of the half-strips preparation device 9 for cutting the sheet 109 of rubber- 
coated fabric along a cutting direction forming a predetermined angle a with respect to 
the above-mentioned conveying direction X-X, so as to obtain a sequence of strips 108 
having a predetermined length and aligned along said direction X-X. 

Preferably, said angle a is comprised between IB"" and 30° depending upon the size and 
2 0 the type of performance of the tire to be produced. 

The main function of the half-strips preparation device 9 is that of splitting the strips 
108, obtained from the sheet 109 of rubber-coated fabric, into a first plurality of half- 
strips 107 and into a second plurality of half-strips 110, aligned along respective 
conveying directions Y-Y and Z-Z. 

2 5 To this end, the half-strips preparation device 9 comprises a transfer device, generally 

indicated at 27, to move each strip 108 away from a strip-receiving position C located 
downstream of the first cutting device 32 along the conveying direction X-X of the sheet 
109 of rabber-coated fabric and to place the strip at a cutting position F, away firom said 
direction X-X, adapted to readily enable the subsequent forming operations of the half- 

3 0 strips 107 and 110. 

In particular, respective catching means 50 of the sheet 109 of mbber-coated fabric are 
provided upstream of the transfer device 27, which catching means .are constituted in the 
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illustrated example by a movable plate parallel to the conveyor belt 8 and provided with 
magnets 56/ adapted to drag the sheet 109 of rubber-coated fabric away from the 
conveyor belt 8 and past the first cutting device 32 for a portion having a length equal to 
the length of the strip to be produced. 

5 The catching means 50 may include, instead of the magnets 56, suitable means adapted 
to hold the sheet material such as a plurality of suction cups connected to a vacuum 
pump, particularly suitable when the cords 106 are made of a non-magnetic material, for 
example textile fiber. 

In the subsequent description, for illustrative and non limiting purposes, magnetic 
1 0 catching means will be described. 

ha a first embodiment of the plant 2, the transfer device 27 comprises a multiple arm 
carousel 57 including four strip-supporting arms, all indicated at 28, angularly spaced of 
90° firom one another and cantilevered firom a rotating support 48 driven by respective 
motor means 49. 

15 This carousel 57 cooperates with a plate 50 which releases the strip 108, obtained firom 
the first cutting device 32, down onto one of the aforementioned arms 28 placed in the 
strip-receiving position C substantially aligned with the conveyor belt 8 (i.e. with the 
conveying direction X-X); subsequently, the multiple arm carousel 57 places said arm 
with the relative strip 108 deposited thereon in a picking-up position E away firom 

2 0 direction X-X and places a new arm 28 in the receiving position C for receiving a 
subsequent strip. 

In order to simplify these transfer operations of the strips 108, each of the above- 
mentioned arms 28 may be provided on top with an oscillating table 31 (figures 4-6) 
hinged thereto and driven by respective motor means of conventional type, not shown. 

25 The oscillating table 31 rotates to and firom the strip-receiving position C provided 
downstream of the fitrst cutting device 32 and advantageously avoids any possible 
interference between the arms 28 and the conveyor belt 8. 

In a preferred embodiment, the half-strips preparation device 9 comprises a positioning 
device 33 of the half-strips, adapted to pick up each strip 108 firom the arm 28 at the 
30 picking-up position E and place the picked up strip 108 at an appropriate cutting 
position F wherein a second cutting device 34 is arranged. 



wo 02/000421 



PCT/EPOl/07313 



-15- 

If necessary, the positioning device 33 of the half-strips also rotates the strip 108 of a 
predetermined aagle y- 

In the embodiment illustrated in the figures, m which the picking-up position E of the 
strips 108 forms an angle of 90° with the conveying direction X-X of the sheet 109 of 
5 rubber-coated fabric, the angle y is comprised between 60° and 72°. 

More particularly, the positioning device 33 of the half-strips places the strip 108 with 
respect to the second cutting device 34 at a position F in such a way that the cutting of 
the strip 108 occurs along a direction forming a predetermined angle j3 with respect to 
the longitudinal axis 1-1 of the strip 108. . 

10 Said angle p is equal to the strip cutting angle a and is comprised between 18° and 30° 
depending upon the size and the type of performance of the tire to be produced. In this 
way, the cutting direction of each strip 108 is substantially parallel to the sides of the 
strip 108a, 108b which are longitudinally opposed along the direction of the reinforcing 
cords (figure 3). 

15 .Advantageously, thanks to the cooperation between. the multiple arm carousel 57 and 
the positioning device 33 of the half-strips, the cycle time required to pick up each strip 
firom the strip-receiving position C and to place the strip in the strip cutting position F is 
reduced, resxxlting in an racrease of the plant productivity. 

In a ftirther embodiment, not shown, the carousel 57 may not be present: in this case, the 

2 0 positioning device 33 of the half-strips directly picks up the strip 108 firom position C 

and subsequently places the same at the cutting position F. 

At the cutting position F, the second cutting device 34 cuts each strip 108 in two half- 
strips having an appropriate width according to the off-set to be given to the edges of the 
radially superposed belt strips. 

25 In this preferred embodiment, the positioning device 33 of the half-strips is provided 
both with means suitable to pick up and transport the strip 108, and with means capable 
of positioning each of the half-strips 107 and 110 obtained by cutting the strip 108. 

More particularly, the positioning device 33 of the half-strips comprises catching means 
36 which are rotatably mounted on a supporting firame 37 guided to and firom the second 

3 0 cutting device 34 and driven by respective motor means 43. In the example illustrated in 

figures 7A, 7B and 8, the catching means 36 of the strips 108 of the positioning device 
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ss of tih.e half-strips is constituted by a pair of coplanar plates 38a and 38b, for example 
of magnetic type, respectively supported by two slides 64a and 64b, slidably mounted 
on a supporting beam 65 and driven by a motor 66. The supporting beam 65 and the 
catching means 36 slidably mounted thereon are rotated about an axis P-P by a motor 72 
5 positioned on a support 61 fixed to the frame 37 (see figures 7A and 7B). 

The displacement of the slides 64a and 64b enables to move the plates 38a and 38b 
away and towards each other along a horizontal direction substantially perpendicular to 
the cutting direction. 

The firame 37 is in turn associated to a supporting trolley 58 moved by respective motor 
10 iiieans 44 along an overhead track 45, forming a closed loop and supported in a 
conventional manner known per se above the half-strips preparation device 9. 

In this way, the positioning device 33 of the half-strips may travel along a closed loop- 
shaped circuit and may be transferred from the strip cutting position F to a releasing 
position of the half-strips 107 and 1 10 on respective devices for their further processing 
15 as will be described ftirther on. 

As already explained, the half-strips preparation device 9 illustrated in figures 2 and 3 
and comprising a plurality of positioning devices 33 of the half-strips, advantageously 
increases the production capacity of the plant 2. 

The second strip cutting device 34, adapted to cut each strip 108 along the abover 

2 0 mentioned cutting direction, is schematically shown in figures 7 A and 7B. 

Preferably, the cutting device 34 includes a system known in the art with the term 
"slitter^' including two counter-rotating disks 34a and 34b, peripherally provided with a 
cutting edge, which disks are driven by a motor 35 along the cutting direction of the 
strip 108. 

25 In the example illustrated and as already anticipated, the positioning device 33 of the 
half-strips advantageously rotates the strips 108 in their lying plane before carrying out 
their cutting, and places the half-strips 107 and 110, suitably moved away from one 
another, respectively on a conveyor belt 11 having a conveying axis Y-Y, or on another 
suitable conveying means, and on an upturning device 10^ 

3 0 La a preferred embodiment, the conveyor belt 1 1 and the upturning device 10, positioned 

immediately downstream of tihe second cutting device 34 supported at the cutting 
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position F, are substantially parallel to the conveyor belt 8 of the initial sheet 109 of 
rubber-coated fabric in order to limit the size of the plant. 

The upturning device 10 of the half-strip 110 exerts the function of turning one of the 
half-strips upside down, in this case the half-strip 1 10, in such a way that the reinforcing 
cords 106 thereof turn out to be symmetrically inclined with respect to those of the other 
half-strip (indicated at 107) with respect to the cutting direction of the strip 108. 

In the example illustrated, the upturning device 10 comprises a plate 39 provided with 
suitable catching means, for example of magnetic type (figures 8-1 1), 

The plate 39 is rotatably mounted on a supporting frame 40 and is rotated around its 
transversal axis by respective motor means 51 to which the plate 39 is kinematically 
coimected in a manner known per se. 

The plate 39 is also associated to a supporting trolley 59 associated to the frame 40, 
which travels on the frame 40 along a vertical direction driven by respective motor 
means 52. 

In this way, the trolley 59 and the plate 39 associated thereto can move vertically to and 
from a conveyor belt 12 positioned under the upturning device 10 and intended to 
receive and convey the half-strip 110 along a conveying direction Z-Z once the half- 
strip has been turned upside down. 

In this way, a first and a second plurahty of half-strips 107 and 110, aligned with one 
another and incorporating reinforcing cords 106 substantially parallel to one another and 
symmetrically inclined with respect to the conveying directions Y-Y and Z-Z of such 
conveyor belts, are placed on the conveyor belts 1 1 and 12 in a substantially continuous 
manner. 

Respective butt splicing devices of the half-strips 107 and 110, previously placed along 
the above-mentioned belts 11, 12 by the positioning device 33 of the half-strips and, 
respectively, by the upturning device 10 are provided along each of the conveyor belts 
11 and 12. 

Said splicing devices, of conventional type not shown, may comprise a plurahty of 
upper and lower counter-rotating rolls, respectively supported above and below the 
conveyor belts 11 and 12, which splice by applying pressure to the edges of adjacent 
half-strips or, alternatively, may comprise a plurality of jaws adapted to grasp the edges 



wo 02/000421 



PCT/EPOl/07313 



-18- 

of the half-strips and splice the same by pressing them against each other. 

Thus the above-mentioned splicing devices enable to obtain, starting from the aligned 
half-strips 107 and 110, respective belt strips 113a and 113b extending along the 
conveying directions Y-Y and Z-Z of the conveyor belts 1 1 and 12. 

5 In a preferred embodiment, and as illustrated in figure 12, each of the conveyor belts 11 
and 12 comprises two sections, respectively upstream sections 11a, 12a and downstream 
sections lib, 12b spaced from each other to form respective spaces A, B adapted to 
contain a portion having a predetermined length of each of the belt strips 113a and 1 13b, 
known in the field with the term of "festoon". 

10 More particularly, the festoon fomied by the belt strips 113a and 113b carries out the 
advantageous ftinction of storage unit adapted to absorb any possible different 
processing rates and/or use rates of the semi-finished products upstream and 
downstream of the conveyor belts 11 and 12. 

In this embodiment, and in order to detect the length of the above-mentioned festoons, 
15 the plant 2 of the iavention advantageously comprises a plurality of sensors suitably 
positioned at the spaces A, B housing the festoons formed by the belt strips 113a and 
113b. 

la figure 12, the sensors 42a and 42b intended for controlling the length of the festoon 
formed by tibie belt strip 1 13a in space A can be seen, 

2 0 Respective cutting devices, schematically indicated at 41a and 41b in figure 12, are 

positioned along the conveyor belts 11 and 12 downstream of the spaces A and B for 
cutting the belt strips 113a, 113b in portions 112a and 112b having a predetermined 
length. In the illustrated example, each of the two cutting devices 41a and 41b 
comprises a shearer of conventional type. 

25 Finally, the plant 2 comprises a pair of assembly drums 13 and 14, placed immediately 
downstream of the conveyor belts 11 and 12 and intended to carry out the assembling 
step of tihie belt stracture starting from the belt strip portions 112a and 1 12b thus formed 
on Hie conveyor belts 1 1 and 12. 

In the illustrated example, the drums 13 and 14 are coaxially aligned along a rotation 

3 0 axis (A- A) and are placed on diametrically opposite sides of a device 15 for supporting 

and angularly positionrag the drums which is driven by respective independent motor 
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means 16 (figure 13). 

Advantageously and as will be better apparent in the following, the device 15 switches 
the drums 13 and 14 with one another at the end of each assembling operation of a belt 
strip carried out thereon in order to substantially reduce the assembling cycle time of the 
5 belt structure with respect to a siagle drum. 

In this embodiment, the belt structure is preferably assembled on the drum 13 or 14 
which is substantially aligned with the conveyor belt 12 in a position referred to 
hereinbelow as assembling position. In this embodiment, in fact, the belt strip 113a is 
used to form the radially inner strip of the belt structure, whereas the belt strip 1 13b is 
1 0 used to form the radially outer strip of the belt structure. 

As indicated above, the above-mentioned plant 2 for manufacturing the belt structure of 
the green tire cooperates, within the area of the plant 1, with the production line 3 for 
• preparing the tape 103 incorporating the reinforcing cords 104 and with the production 
line 4 for preparing the tread 105 to produce, respectively, the belt package and the final 
15 crown structure. 

To this end and as illustrated in figure 1, the plant 1 comprises a first transfer device 17, 
known ^er se and firom now on indicated as Transfer Ring, adapted to transfer the belt 
structure produced in the plant 2 fi'om the above-mentioned assembling position of the 
drums 13 and 14 onto a third assembly drum 18 on which the crown structure is 

2 0 assembled. 

Preferably, the assembly drum 18 has a rotation axis B-B substantially aligned with the 
rotation axis A- A of the drums 13 and 14 in order to reduce the overall size of the plant 
1 and to facilitate the transfer operations of the belt structure. 

Advantageously, the production line 3 of the tape 103 and the production line ^4 of the 
25 tread 105 are positioned in the plant 1 immediately upstream of the assembly drum 18, 
therefore avoiding any need to store these semi-finished products. 

The production line 3 of the tape 103 essentially comprises an extrusion apparatus 19, 
adapted to form, in a substantial continuous manner, a narrow ribbon of rubber mixture 
(the tape) incorporating a plurality of reinforcing cords 104, as well as means to gmde 

3 0 the tape produced in this way towards the assembly drum 18. This means include 

cooling and storing means, such as a set of rolls 23. 
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The extrusion apparatus 19 is fed by a creel 20 provided with a plurality of spools, all 
indicated at 21, which supplies the cords 104 to an extrusion head 22 fed with a rubber 
mixture of suitable composition by means of a conventional extrusion screw 53 known 
per se, 

5 Conveniently, the cords 104 are made of a suitable reinforcing material, for example a 
textile material, such as polyamide, or metal. 

The assembly drum 1 8 is preferably equipped with means, conventional per se and not 
shown, adapted to facilitate the winding of the tape 103 on the belt structure already 
prepared on the drum 18 . (said means being constituted, for example, by one or more 
10 pressing rolls) and to cut the tape 103 once the latter has formed the reinforcing layer 
including the zero degree cords. 

In an embodiment, this cutting means may be constituted by a known cutting 
mechanism of the pneumatic shear type. 

The production line 4 of the tread 105 comprises an apparatus 24, adapted to extrude or 
15 form, in a substantially continuous manner, a tread sheet 114 of rubber mixture aimed at 
constituting the tread 105, as well as means for conveying the continuous tread sheet 
114 towards the assembly drum 18, such as a conveyor belt 26. 

The apparatus 24, which in the illustrated example includes an extrusion screw and an 
extrusion head 25 of conventional type, only schematically represented, is fed by a 

2 0 rubber mixture of suitable composition. 

Preferably, the conveyor belt 26 is provided with suitable cooling means, such as a set 
of serpentine tubes through which cold water circulates, intended for cooling the 
continuous tread sheet 114 from the temperature the sheet has when it leaves the 
extrusion or forming head (generally equal to approximately 80°C) down to a 
25 temperature suitable for carrying out the subsequent processing of the tread sheet 114 
(conveniently in the order of approximately 40-45°C)- 

Cutting means, conventional per se and not shown, are also provided along the 
conveyor belt 26 for cutting the continuous tread sheet 114 in portions having a 
predetermined length corresponding to the circumferential development of the tread of 

3 0 the tire in production or to a submultiple thereof. 

in this way, it is possible to obtain a set of treads 105 (illustrated in figure 1) aligned 
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along the conveyor belt 26 immediately upstream of the assembly drum 18. 

In an alternative embodiment of the method of the invention, each tread 105 may be cut 
from the continuous tread sheet 114 during the winding operations around the assembly 
drum 1 8 by means of conventional cutting means known per se and not shown. 

5 Similarly to what has been indicated above with reference to the tape 103, the assembly 
drum 1 8 is preferably equipped Avith means, conventional per se and not shown, adapted 
to facilitate the application of each tread 105 as a crown aroimd the reinforcing layer 
including the zero degree cords 104. 

As an example, said means may be constituted by one or more pressing rolls acting on 
10 the tread 105. 

Finally, the plant 1 includes a positioning device 46 for positioning the assembly drum 
18, adapted to move the drum by rotating the latter of 180° about a vertical axis 
perpendicular to the rotation axis B-B of the drum 18, from an assembling position 
(indicated at D in figure 1) of the crown stmcture, to a picking-up position (indicated at 
15 G in figure 1 wherein the drum 18 is indicated by a dotted line) of said structure by a 
second Transfer Ring 60. 

This second Transfer Ring 60 transfers the crown structure towards a so-called first 
phase assembling line, not represented, on which line the cylindrical carcass sleeve 
ad^ted to be torically shaped and assembled with the crown structure is prepared. 

2 0 With reference to the above-mentioned plant, a first embodiment of the method 

according to the invention for manufacturing a belt stmcture of a green tire comprises 
the following steps. 

In a first step, the sheet 109 of mbber-coated fabric incorporating the reinforcing cords 
1 06 is formed in a substantially continuous manner by means of the extrusion apparatus 
25 5, which sheet - once it has left the extrusion head 7 - is transported by the conveyor belt 
8 towards the strip preparation device 9 along the conveying direction X-X. 

Iq a subsequent step and immediately upstream of the half-strips preparation device 9, 
the sheet 109 of mbber-coated fabric is picked up by the catching means 50 which 
places the same at the first cutting device 32 that cuts the sheet 109 of rubber-coated 

3 0 fabric along a direction forming a predetermined angle a (for example equal to 

approximately SO'') with respect to the conveying direction X-X. 
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In this way and as a result of subsequent cuts of the sheet 109 of rubber-coated fabric, a 
plurality of strips 108 having a predetermined length, aligned with one another along the 
direction X-X, is obtained. 

In a subsequent step, each strip 108 is transferred to a cutting position F away from the 
5 above-mentioned direction X-X by means of the strip transfer device 27, for example by 
means of the multiple arm carousel 57 and of the positioning device 33 of the half-strips 
cooperating with the same. 

In this embodiment, the one of the arms 28 of the multiple arm carousel 57 which is 
located at the strip-receiving position C and which supports the strip 108 to be 
10 transferred, is rotated of approximately 90"^ towards the picking-up position E of the 
strip 108, position at which the positioning device 33 of the half-strips intervenes. 

The positioning device 33 picks up the strip 108 resting on the rotated arm 28 (at 
picking-up position E) by means of the magnetic plates 38a and 38b and rotates the strip 
108 of a predetermined angle y with respect to the direction X-X (for example equal to 
15 approximately 30*^) until it brings the strip 108 to the reqiaired cutting position F. 

Once the positioning device 33 of the half-strips has picked up the strip 108, the 
multiple arm carousel 57 is further rotated of 90° so as to place other arms 28 
respectively at the strip-receiving position C and at the picking-up position E, thereby 
repeating the previously described operations. 

2 0 In a subsequent step, the strip 108 held at the cutting position F by the positioning 

device 33 of the half-strips is then cut in two parts by the second cutting device 34 along 
a direction forming an angle P equal to the predetermined angle a (for example 30"^) 
with respect to the longitudinal axis 1-1 of the strip. 

In this way, two half-strips are obtained, respectively left 107 and right 110 with respect 
25 to the cutting direction, not necessarily of the same width, in the sense that the half-strip 
which will constitute the radially inner belt strip of the tire (the half-strip 107, according 
to the illustrated example) preferably has a width greater than the width of the half-strip 
which will constitute the radially outer belt strip (the half-strip 110). 

In a subsequent step, the half-strips 107 and 110 are suitably moved away from each 

3 0 other along a direction substantially perpendicular to the cutting direction by moving the 

plates 38a and 38b of the positioning device 33 of the half-strips away from each other. 
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Subsequently, the half-strips 107 and 110 thus moved away are released by said device 
33 onto the conveyor belt 1 1 and, respectively, onto the upturning device 10. 

Once the half-strips 107 and 110 have been released, the positioning device 33 of the 
half-strips may move forward along the closed loop-shaped track 45 and return to the 
5 picking-up position E of a new strip 108 so as to repeat the previously described 
operations. 

In an additional step of this embodiment of the method according to the invention, the 
half-strip 110 is taken, lifted and turned upside down by the magnetic plate 39 of the 
upturning device 10 in such a way as to obtain aa inclination of the reinforcing cords 
10 106 symmetrical with respect to that of the cords. 106 of the half-strip 107 with 
reference to the above-mentioned cutting direction of the strip 108. 

After this upturning step of the half-strip 110, the magnetic plate 39 is demagnetized in 
order to release the half-strip 110 turned upside down onto the conveyor belt 112 
(figures 9-11). 

15 At the end of the above-mentioned steps, a plurality of first and second half-strips 107, 
110 are therefore obtained in a substantially conttauous manner, aligned with one 
another along the conveyor belts 11 and 12 and incorporating respective reinforcing 
cords 106 symmetrically inclined with reject to the conveying directions Y-Y and Z-Z 
of each of the above-mentioned belts 11 and 12. 

2 0 In a fiirther step of the method, said half-strips 107 and 110 are butt spliced to each 

other in order to form in a substantially continuous manner respective continuous belt 
strips 113a and 113b extending on the conveyor belts 11 and 12 along the above- 
mentioned conveying directions Y-Y and Z-Z. 

The butt splicing between subsequent half-strips 107, 110 takes place by approaching 
25 the edges of adjacent half-strips thanks to a pressure applied, along the entire edge, by 
the splicing device, for example of the counter-rotating roll type, supported above 
and/or below the conveyor belts 1 1 and 12. 

In the non limiting illustrated example, the belt strip 113a formed on the belt 11 is used 
to form the radially inner layer of the belt structure, while the belt strip 1 13b formed on 

3 0 the belt 12 is used to form the radially outer layer of the belt structure. 



In a preferred embodiment, the method of the invention comprises the additional step of 
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discarding one of the half-strips 107 used to fonn the radially inner belt strip 113a on 
the basis of a signal sent by the sensors 42a, 42b delegated to detect the length of the 
festoon formed by said belt strip 113a in the storage space A defined between the 
sections 11a and 1 lb of the belt 1 L 

5 Preferably, this discarding step is carried out by the positioning device 33 of the half- 
strips which, instead of releasing the half-strip 107 in excess on the belt 11, holds the 
same on the magnetic plate 38a and then releases the half-strip 107 into an appropriate 
collection container 67 out of line (figure 7B). Alternatively, and provided that the half- 
strips 107, 1 10 are of the same width, it is possible to avoid the elimination of Ihe half- 
1 0 strip in excess by incorporating the two half-strips in the same belt strip. 

In a farther step, the belt strips 113a, 1 13b are cut to measure by the cutting devices 41a 
and 41b in order to obtain the portions 112a, 112b which will be subsequently 
superposed on the assembly drums 13 and 14. 

In this embodiment of the method and since the reinforcing cords 106 of the belt strips 
15 113a and 113b already have an opposite inclination with respect to the conveying 
directions Y-Y and Z-Z, such superposing step of the portions 1 12a, 1 12b is carried out 
according to the following steps, as illustrated in figure 13: 

i) applying the radially iimer belt strip portion 1 12a on the first assembly drum 13, 
by tangentially feeding the strip portion 1 12a at the bottom of the drum 13; 

20 ii) switching the two drums 13 and 14 with one another by rotating of 180^ the 
device 15 for supporting and angularly positioning the drums about an axis R-R 
perpendicular to the axis A-A of rotation of the above-mentioned drums; 

iii) applying the radially outer belt strip portion 1 12b on the radially inner belt strip 
portion 112a, by tangentially feeding the strip portion 112b at the bottom of the drum 

25 13, thereby forming the belt stmcture on the drum positioned in the above-mentioned 
assembling position, 

iv) applying a new radially inner belt strip portion 1 12a on the second assembly 
drum 14, by tangentially feeding the strip portion 1 12a at the bottom of the drum 14 and 

v) cyclically repeating steps i) to iv). 

3 0 The steps i) and iv) may be carried out by tangentially feeding the portions 1 12a, 1 i:^b 
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of the belt strips both at the top of the drums 13 and 14. 

With reference to the above-described plant 1, a method according to the invention for 
manufacturing a belt package and a crown structure of a green tire, will now be 
illustrated. 

hi an initial step, the belt structure assembled on the assembly drum 13 or 14 placed in 
the assembling position aligned with the belt 12, is picked up by the first transfer device 
17 and transferred to the third assembly drum 18. 

In a subsequent step, a layer of rubber mixture having a predetermined width and 
including a pluraUty of circumferentially oriented reinforcing cords 104, i.e. zero degree 
cords, is coaxially formed on the belt structure supported by the third assembly drum 
18. 

Preferably, this reinforcing layer has a width substantially equal to the width of the belt 
structure and is obtained by spirally winding the tape 103, which is fed in a substantially 
continuous manner by the production line 3, around the belt structure. 

As illustrated above, the tape 103 is extruded in a substantially continuous manner by 
the extrusion head 22, cooled by the rolls 23 and cut to size at the end of the assembling 
step on the belt structure ,by a head with a pneumatic shear cutting mechanism (not 
shown), so as to obtain the belt package. 

The method for manufacturing the crown structure comprises an additional step wherein 
a plurality of treads 105 are prepared in a substantially continuous manner by cutting the 
substantially continuous tread sheet 114 of rubber mixture in portions having a 
predetermined length along the cooled conveyor belt 26. 

As illustrated above, the tread 105 is extruded in the form of a continuous tread sheet 
114 from the extrusion head 25 and transported by means of the conveyor belt 26 on 
which the sheet 1 14 is cut to size by a shearer, conventional per se aad not shown. 

In a subsequent step, the tread 105 thus obtained is coaxially applied onto the belt 
package prepared on the assembly drum, possibly with the help of pressing rolls or other 
means adapted to. facilitate the implementation of this step. 

Subsequently, the assembly drum 18. is moved by the positiordng device 46 from the 
assembling position D of the belt package and of the crown structure to the picking-up 
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position G of the crown structure by means of the second Transfer Ring 60. 

Finally, the Transfer Ring 60 transfers the crown structure thus assembled onto the 
assembly drum, not shown, where the green tire is completed by assembling the crown 
structure to a previously prepared tire carcass obtained by assembling together the other 
5 semi-finished products (liner, carcass structure, sidewalls, beads, and so on) by means of 
a shaping operation of the carcass. 

Figures 14-21 schematically illustrate additional embodiments of the plant 2 for 
mamifacturing the belt stmcture according to the invention. 

In the following description and in said figures, the elements of the plant 2 for 
10 manufacturing the belt structure structurally or fimctionally equivalent to those 
previously illustrated with reference to figures 1-13 will be indicated by the same 
reference numbers and will not be fuither described. 

In an alternative embodiment of the plant 2 illustrated in figures 14-17, the transfer 
device 27 of the strips 108 includes a strip-conveying belt 62 adapted to convey the 
15 strips along a conveying axis N-N parallel to the cutting direction of the sheet 109 of 
mbber-coated fabric. Said belt 62 carries out the same function of the multiple arm 
carousel 57 of the first embodiment. 

The plate 50 carries out both liie function of dragging the sheet 109 of rabber-coated 
fabric for a distance having a predetermiued length (equal to the length of the strip to be 

2 0 obtained) past the first cutting device 32, and the function of releasing the strip 108 thus 

obtained onto the belt 62, 

The belt 62 then transfers the strip 108 away fi:om the direction X-X, as illustrated in 
figure 14, shifting the same in a picking-np position H at which the strip 108 will be 
subsequently picked up by the positioning device 33 of the half-strips. 

25 The half-strips 107 in excess will be released by said device 33 in the collection 
container 67 (figure 14). 

In an additional embodiment of the plant 2, not shown, the above-mentioned strip 
catching means 36 of the positioning device 33 of the half-strips includes a pair of 
coplanar plates, for example of magnetic type, slidably mounted on a supporting beam 

3 0 without the help of a pair of slides. 
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With reference to the above-mentioned plant, a method according to the invention for 
manufacturing a belt structure may be carried out in the following way. 

The strip 108, released by the plate 50 on the belt 62 after cutting the sheet 109 of 
rubber-coated fabric, is transported by the belt 62 along the direction N-N, This 
5 operation enables to transfer the strip 108 to a suitable picking-up position H by the 
positioning device 33 of the half-strips. This positioning device 33 picks up the strip 
108 lying on the belt 62 at the picking-up position H and transports the strip to the 
required cutting position F, optionally rotating the strip 108 of a predetermined angle y 
with respect to the direction X-X. 

It should be noted that the value of the angle y may also be equal to 0® depending upon 
the orientation assumed by the strip 108 in tibie picking-up position H and upon the 
cutting direction of the strip. 

In a step foUowiag the cutting operation of the strip 108 in two half-strips 107, 111, the 
latter are suitably moved away from each other along a direction substantially 
perpendicular to the cutting direction by means of the plates 38a, 38b of the positioning 
device 33 of the half-strips. 

Subsequently, the half-strips 107 and 111 thus moved away are released by said device 
33, upon demagnetization of the plates 38a, 38b, respectively on conveyor belts 11 and 
12. 

20 In a subsequent step of the method aad similarly to what has been described in the first 
embodiment of the method according to the invention, the half-strips 107, 110 are butt 
spliced to each other by approaching the edges of adjacent half-strips thanks to a 
longitudinal traction exerted along the facing edges of the half-strips by the rolls or by 
the jaws of the splicing device movably supported above the conveyor belts 11 and 12. 

25 Also in this case, the final steps of the method for manixfacturing the belt structure 
involve the superposing of the portions 112a, 112b obtained from the belt strips 113a 
and 113b on the assembly drums 13 and 14 in a manner similar to what has been 
previously described. 

in a fiirfher and advantageous embodiment, the method according to the invention 
30 involves the preparation of belt strips 113a, 113b having reinforcing cords 106 having 
the same inclination with respect to the respective conveying directions Y-Y, Z-Z. In 
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this case, the portions of belt strips 112a, 112b assmne the desired cotifiguration in 
which the cords 106 are inclined in opposite direction with respect to that of the cords of 
the adjacent strip by suitably feeding the portions of the strips 112a, 112b towards the 
assenably drums 13, 14. 

5 In this case, the downstream section of one of the conveyor belts 1 1 and 12, for example 
the section 1 lb of the conveyor belt 1 1, assumes - unlike the altemative embodiment of 
the plant 2 previously described - an inclination which enables a tangential supply of the 
portion of belt strip 1 12a at the bottom of the assembly drum 13 (figure 20). The portion 
of belt strip 112b, on the other hand, is tangentially fed at the top of the assembly drum 
10 14. 

The assembling step of the strip portions 112a, 112b to form the belt structure, is 
therefore carried out in the following way, as shown in figure 21 : 

i) applying the radially inner belt strip portion 1 12a on the first assembly drum 13, 
by tangentially feeding the strip portion 112a at the bottom of the drum 13 and by 

15 rotating the drrnn 13 in a first direction of rotation about the axis A- A; 

ii) switching the two drums 13 and 14 with one another by rotating of 180"^ the 
device 15 for supporting and angularly positioning the drums about the axis R-R 
perpendicular to the rotation axis A-A of the above-mentioned drums; 

iii) applying the radially outer belt strip portion 1 12b on the radially iimer belt strip 

2 0 portion 1 12a., in a tangential manner and at the top of the drum 13, thereby forming the 

belt structure on the drum located in the above-mentioned assembling position by 
rotating the drum 13 aroxmd the axis A-A in the opposite direction with respect to the 
above-mentioned first direction of rotation, 

iv) applying a new radially nmer belt strip portion 1 12a on the second assembly drum 
25 14, by tangentially feeding the strip portion 112a at the bottom of the drum 14 and by 

rotating the drum 14 about the axis A-A in the above-mentioned first direction of 
rotation, and 

v) cyclically repeating steps i) to iv). 

The method and the plant 2 according to the invention may iticlude an additional 

3 0 advantageous variant in which the splicing methods of the half-strips 107 and 110 

enable to form the belt strips 113a, 113b while reducing as much as possible the strains 
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exerted in longitudinal direction on the elastomeric material being processed and this 
independently of the inclination that the reinforcing cords 106 of the belt strips 113a, 
1 13b may have with respect to the respective conveying directions Y-Y, Z-Z. 

Purely as an illustrative and non limiting example, this variant is illustrated with 
5 reference to the embodiment whereih the belt strips 1 13a, 1 13b having reinforcing cords 
106 presenting the same inclination with respect to the respective conveying directions 
Y-Y, Z-Z are prepared. 

More particularly, in this additional embodiment of the plant 2, the extrusion head 7 
may be provided with a suitably shaped die adapted to form a sheet 109 of rubber- 
1 0 coated fabric having a lip 70 made of elastomeric material and having a suitable width. 

Thanks to this structural feature of the sheet 109 of rubber-coated fabric, it is possible to 
obtain (by carrying out the previously illustrated cutting and handling operations) a 
plurality of half-strips 107, 110 provided - at one of the edges to be spliced - with a 
respective hp 70 only made of elastomeric material (figure 18). . 

15 In this embodimmt, a seat for receiving with a substantially mating engagement the . 
edge of an adjacent strip 107, 110 is defined above the lip 70, which seat facihtates the 
butt splicing of the half-strips with the formation in a substantially continuous manner 
of the belt strips 113a, 113b. 

Conveniently, the' butt splicing devices of the half-strips 107 and 1 10 - indicated at 69 in 

2 0 figure 19 - include ia this case a plate 68 of suitable size and weight, movably supported 

above the conveyor belts 11, 12, The plate 68 picks up each half-strip, for example the 
half-strip 107, by means of a plurality of magnets 71 and places the half-strip at the firee 
end of the belt strip 1 13a being formed on the conveyor belt 1 1 . 

In this case, the splicing is carried out by the plate 68 which, by pressing on the entire 
25 top surface of each half-strip 107 to be spliced, promotes the engagement and the union 
by pressure of the edge of the half-strip 107 with the lip 70 of the adjacent half-strip 
1 07' already belonging to the belt strip 113a being formed. 

Advantageously, the butt splicing between subsequent half-strips 107, 110 (or, better, 
between a structurally independent half-strip and the free end of .the belt strip 113a or 

3 0 113b being formed) takes place by exerting a pressure in a direction substantially 

perpendicular to the lying plane of the belt strip 1 13a or 1 13b thanks to the action of the 
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plate 68 movably supported above the conveyor belts 11 and 12. 

Thanks to these features, it is therefore possible to prepare the belt strips 113a, 113b 
while reducing as much as possible the strains exerted in longitudinal direction on the 
elastomeric material being processed, thereby reducuig as much as possible any stress or 
5 deformation which may have a negative influence on the quality of the belt structure 
thus produced. 

From what it has been described and illustrated above, all the advantages achieved by 
the invention and especially those related to the possibility of assembling a belt 
structure, a belt package and a crown stmcture in an essentially automatic manner with 
10 minimum labor and ensuring a constant and high quality of these products, are 
immediately apparent. 

A man skilled in the art may carry out modifications and variants to the above-described 
invention in order to fulfill specific and contingent applicative requirements, variants 
and modifications anyhow falling within the scope defined by the subsequent claims. 

15 ]ji this way, for example, the half-strips preparation device 9 may be conistituted by 

or more automated units suitably programmed to pick up the strips 108 firom the 
receiving position C downstream of the cutting means 32, to transfer the strips to a 
suitable cutting device and to release the half-strips thus obtained, after having turned 
upside down one of the latter, on the belts 11 and 12 or other suitable conveying means, 

2 0 wherein the belt strips 113a and 1 13b are subsequently assembled. 
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Claims 

1. A method for manufacturing a belt stmcture of a green tire for vehicles 
comprising the steps of: 

a) preparing, in a substantially continuous manner, a plurality of half-strips (107, 
5 110) having a predetermined length, aligned along respective conveying directions (Y- 

Y, Z-Z) and incorporating reinforcing cords (106) substantially parallel to one another 
in each half-strip (107, 110); 

b) butt spUcing, in a substantially continuous manner, said aligned half-strips (107, 
110), so as to obtain respective belt strips (113a, 113b) extending along said conveying 

1 0 directions (Y-Y, Z-Z); 

c) supplying, in a substantially continuous manner, said belt strips (113a, 113b) to 
at least one assembly dium (13, 14); 

d) superposing on said at least one assembly drum (13, 14) portions (112a, 112b) 
having a predetermined length of each of said belt strips (1 13 a, 1 13b), so as to obtain a 

15 belt structure comprising radially superposed strips in which said reinforcing cords 
(106) are parallel to one another in each strip and inclined in opposite direction with 
respect to the cords of the adjacent strip. 

2.. Method according to claim 1, wherein said half-strips (107, 1 10) are prepared by 
means of the steps of: 

2 0 e) forming, in a substantially continuous manner, a sheet (109) of rubber-coated 
fabric incorporating a plurality of reioforcing cords (106) substantially parallel to one 
another; 

f) transporting said sheet (109) along a predetermined conveying direction (X-X); 

g) cutting said sheet (109) of mbber-coated fabric along a cutting direction forming 
25 a first predetermined angle (a) with respect to the conveying direction (X-X) of the 

sheet (109) of rubber-coated fabric, so as to obtain a set of strips (108) having a 
predetermined length extending along said direction (X-X); 

h) . transferring each strip (108) to a cutting position (F) away from the conveying 
direction (X-X) of the sheet (109) of rubber-coated fabric; 
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i) cutting in two parts each strip (108) at said cutting position (F) along a cutting 
direction forming a second predetermined angle (P) with respect to the longitudinal axis 
(14) of the strip (108), so as to obtain two half-strips (107, 110) respectively left (107) 
and right (110) with respect to said cutting direction; 

5 1) moving the half-strips (107, 110) thus obtained away from each other along a 
direction substantially perpendicular to said cutting direction. 

3. Method according to claim 1, wherein said half-strips (107, 1 10) are butt spHced 
on respective conveying means (11, 12) arranged along said conveying directions (Y-Y, 
Z-Z). 

10 4. Method according to claim 2, further including the stqp of: 

m) turning upside down one of said left (107) or right (110) half-strips, so as to obtain 
reinforcing cords (106) inclined in a direction opposite to that of the cords (106) of the 
other half-strip, right (110) or left (107), with reference to said cutting direction. 

5. Method according to claim 3, wherein said belt strips (113a, 113b) are fed 
15 towards said at least one drum (13, 14) by means of said conveying means (11, 12). 

6. Method according to claim 1, wherein said step d) is carried out by means of the 
steps of: 

n) cutting out of a first belt strip (113a) a portion (112a) having a length substantially 
equal to the circumferential development of the assembly drum (13, 14); 

20 o) applying said portion (112a) of the first belt strip (113 a) on a first (13) of two 
assembly drums (13, 14) coaxially aligned along a substantially horizontal rotation axis 
(A-A), said assembly drums (13,14) being fixed on diametrically opposite sides of a 
device (15) for supporting and angularly positioning the drums (13,14); 

p) rotating of 180° the device (15) for supporting and angularly positioning the 
25 assembly drums (13, 14) about an axis (R-R) perpendicular to said rotation axis (A-A), 
thereby switching said drums (13, 14) with one another; 

q) cutting out of the second belt strip (113b) a portion (112b) having a length 
substantially equal to the circumferential development of the assembly drum (13); 

r) applying said portion (112b) of the second belt strip (113b) on the portion (112a) of 
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the first belt strip (113a) wound around the first assembly drum (13), so as to obtain the 
belt structure; 

s) applying said portion (1 12a) of the first belt strip (113 a) on the second assembly drum 
(14); 

5 t) cyclically repeating said steps n)-s) on each of said assembly drums (13,14). 

7. Method according to claim 1, comprising the step of discarding one of said half- 
strips (107, 110) as a function of the length increase of one of said belt strips (113a, 
113b). 

8, A plant for manufacturing a belt structure of a green tire for vehicles comprising: 

10 a) an extrusion apparatus (5) to form, in a substantially continuous manner, a sheet 
(109) of mbber-cqated fabric incorporating a plurality of reinforcing cords (106) 
substantially parallel to one another; 

b) conveying means (8) to transport said sheet (109) along a predetermined 
conveying direction (X-X); 

15 c) a first cutting device (32) to cut said sheet (109) of rubber-coated fabric along a 
cutting direction forming a first predetermined angle (a) with respect to said conveying 
direction (X-X), so as to obtain a set of strips (108) having a predetermined length 
extending along said direction (X-X); 

d) a half-strips preparation device (9) for preparing, starting firom said strips (108), 
20 a plmrality of first (107) and second (110) half-strips having a predetermined length, 

aUgned along respective conveying directions (Y-Y, Z~Z) and incorporating reinforcing 
cords (106) substantially parallel to one another in each half-strip (107, 1 10); 

e) convejdng means (1 1, 12) for transporting said first (107) and second (1 10) half- 
strips along said conveying directions (Y-Y, Z-Z); 

25 f) a splicing device for butt splicing said first (107) and second (1 10) half-strips to 
form, on each of said conveyiag means (11, 12), two substantially continuous belt strips 
(113a, 113b); 

g) an additional cutting device (41a, 41b) for cutting each belt strip (1 13a, 1 13b) in 
portions (1 12a, 1 12b) having a predetermined length; 
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h) at least one assembly drum (13, 14) adapted to support said portions (112a, 
1 12b) of the belt strips (1 13a, 1 13b). 

9. Plant according to claim 8, wherein said extrusion apparatus (5) comprises an 
•extrusion head (7) for supplying, in a substantially continuous manner, a sheet (109) of 

5 rubber-coated fabric nicorporating a plurality of reinforcing cords (106) on said 
conveying means (8), said plurality of reinforcing cords (106) being supplied by a creel 
(6) supported upstream of said extrasion head (7). 

10. Plant according to claim 8, wherein said half-strips preparation device (9) 
includes: 

10 - a transfer device (27) for moving said strips (108) away from the conveying 
means (8) of the sheet (109) of rubber-coated fabric and placing each of said strips (108) 
at a cutting position (F) away from said conveying direction (X-X); 

a second cutting device (34) for cutting in two parts each strip (108) at said 
cutting position (F) along a cutting direction foraiing a second predetermined angle (P) 
15 with respect to the longitudinal axis (1-1) of the strip (108), so as to obtain a first (107) 
and a second (110) half-strip, respectively left and right with respect to said cutting 
direction; 

a positioning device (33) of the half-strips for moving the half-strips (107, 110) 
thus obtained away from each other along a direction substantially perpendicular to said 
2 0 cutting direction and for positioning said half-strips (107, 1 10) on respective conveying 
means (11, 12). 

11. Plant according to claim 10, comprising an upturning device (10) of one of said 
half-strips (107, 110) placed downstream of said second cutting device (34) of the strips. 

12. Plant according to claim 10, wherein said positioning device (33) of the half- 

2 5 strips picks up each of said strips (108) at a picking-up position (E, H) and rotates each 

strip (108) of a third predetermined angle (y). with respect to the conveying direction (X- 
X) of the sheet (1 09) of rubber-coated fabric. 

13. Plant accordhag to claim 12, wherein said positioning device (33) of the half- 
strips comprises catching means (36) of said strip (108), said catching means (36) being 

3 0 rotatably mounted about an axis perpendicular to the strip (108) on a supporting frame 

(37) guided to and from said second cutting device (34) of the strips. 
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14. Plant according to claims 12 or 13, wherein said positioning device (33) of the 
half-strips comprises two coplanar plates (38a, 38b), each one of which is provided with 
strip catching means, means heing provided in said positioning device (33) of the half- 
strips to move said plates (38a, 38b) away and towards each other. 

5 15. Plant according to claim 11, wherein said upturning device (10) is positioned 
upstream of the conveying means (12) of the second half-strip (110) and comprises a 
plate (39) provided with catching means of the half-strips (110), said plate (39) being 
rotatably mounted on a respective supporting frame (40) guided to and from the 
conveying means (12) of the second half-strip (110). 

10 16. Plant according to claim 10, wherein said transfer device (27) comprises a 
carousel including at least one strip-supporting aim (28) angularly mqvable between a 
first strip-receiving position (C) located downstream of said first cutting device (32) of 
the sheet (109) of mbber-coated fabric and said picking-up position (E). 

17. Plant according to claim 16, wherein said at least one strip-supporting arm (28) 
15 is provided with a strip-supporting oscillating table (31) hinged to said arm (28) and 
movable to and from said first cutting device (32). 

. 18. Plant according to claim 10, wherein said transfer device (27) comprises strip- . 
conveying means (62) haviag a conveying axis (N-N) substantially parallel to the 
cutting direction of the sheet (109). of rubber-coated fabric, said strip-conveying means 

2 0 (62) being movable' between a strip-receiving position (C), located downstream of the 

first cutting device (32) of the sheet (109) of rubber-coated fabric, and said picking-up 
position (H). 

19. A method for manufacturing a belt package of a green tire for vehicles 
comprising the steps of: 

25 a) preparing a belt structure on a first assembly drum (13) by means of a method 
according to any one of claims 1 to 7; 

b) transferring said belt structure onto a third assembly drum (1 8); 

c) coaxiaUy forming on the belt structure supported by the third assembly drum 
(18) a layer of mbber mixture comprising a plurality of circumferentially oriented 

3 0 reinforcing cords (104), said layer having a length and a width substantially equal to 

those of the belt structure. 
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20. Method according to claim 19, wherein said rubber mixture layer is formed by 
applying a ribbon of rubber mixture having a predetermined width onto- the belt 
structure, said ribbon being coextruded in a substantially continuous manner together 
with a plurality of cords (104) prealigned along a direction parallel to the extrusion 

5 direction of the ribbon. 

21. Method according to claim 19, wherein said layer is formed by spirally winding 
on the belt strip at least one tape (103) of rubber mixture incorporating one or more 
reinforcing cords (104). 

22. A plant for manufacturing a belt package of a green tire for vehicles comprising: 

10 a) a plant (2) for manufacturing a belt structure according to any one of claims 8 to 
18; 

b) an extrusion apparatus (19) for forming, in a substaatially continuous manner, a 
ribbon or tape (103) of rubber mixture incorporating a plurality of reinforcing cords 
(104) substantially parallel to one another; 

15 c) cutting means for cutting said ribbon or tape (103) of rubber nuxture in portions 
having a predetermined length; 

d) an assembly drum (18); 

e) a transfer device (17) for transferring said belt structure towards said assembly 
drum (18). 

2 0 23 . Plant according to claim 22, wherein said extrusion apparatus (19) for forming in 
a substantially continuous manner said ribbon or tape (103) of rubber mixture comprises 
an extrusion head (22). 

24. A method for manufacturing a crown structure of a green tire for vehicles 
comprising the steps of: 

25 a) preparing a belt package on a assembly drum (18) by means of a method 
accordiug to any one of claims 19 to 21; 

b) providing, in a substantially continuous maimer, a plurality of treads (105) by 
cutting a substantially continuous tread sheet (1 14) of rubber mixture in portions having 
a predetermined length; 
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c) coaxially applying said treads (105) on the belt package. 

25. Method according to claim 24, wherein said tread (105) is formed by extrusion 
in a substantially continuous manner. 

26. A plant for manufacturing a crown stracture of a green tire for vehicles 
5 comprising: 

a) a plant for manufacturing a belt package according to any one of claims 22 or 
23; 

b) an extrusion apparatus (24) for forming, in a substantially continuous manner, a 
continuous tread sheet (1 14) of rabber mixture; 

10 c) conveying means (26) for transferring said continuous tread sheet (114) of 
rubber mixture towards an assembly drum (18) on which said belt package is supported; 

d) cutting means for cutting said continuous tread sheet (1 14) of rubber mixture in 
portions having a predetermined length, so as to obtain respective treads (105). 

27. Plant according to claim 26, wherein said conveying means (26) of said 
15 continuous tread sheet (1 14) of rabber mixture are provided with cooling means. 
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